A paper contains an optimization algorithm of cross-sectional dimensions of a modular press body for the minimum mass criterion. Parameters of the wall thickness and the angle of their inclination relative to the base of section are assumed as the decision variables. The overall dimensions are treated as a constant. The optimal values of parameters were calculated using numerical method of the tool Solver in the program Microsoft Excel. The results of the optimization procedure helped reduce body weight by 27% while maintaining the required rigidity of the body.
INTRODUCTION
The term optimization is understood as a conscious human activity, aiming to obtain the best results under certain conditions (technical, economic, social) [7] . In regard to the construction of machines and their components, this term is limited to the search of optimal construction parameters, such as the shapes and dimensions of cross-sections, the type of the material used or the spatial form of a designed product. An objective assessment of the results of the design process requires defining optimization criteria. The basics criteria include the minimum construction costs (related to the limitation of material consumption and machining time) or the largest stiffness (the smallest deformability) -related to the mechanical properties of a designed product [7] . Optimization in the design process also requires defining the limitations, resulting from the adopted or imposed geometrical, structural, technological, economic, qualitative or exploitation assumptions.
There are many optimization procedures, using graphical [7] , analytical [9] , numerical [1, 12] or deterministic [6] methods. The development of computer science has allowed to use the genetic algorithms [2, 13] and fuzzy logic [10, 11] in the complex issues of optimization. The application of these types of procedures, however, requires specialist knowledge of programming and a lot of work. Nevertheless, while constructing simple machine parts it is possible and advisable to use simple graphical and analytical methods. The results obtained by these methods help to make decisions about geometric features of products. The aim of this paper is to present the optimization procedure for cross-sectional parameters of machine body using numerical method applied in Microsoft Excel.
OPITIMIZATION PROCEDURE 2.1. Mathematical modeling
The algorithm of dimensional optimization of a designed machine is presented on the example of the body of the modular press ( fig. 1 ). It is made of cast iron in the shape of a column with the work table, to which cantilever part with working unit is attached by screws.
The shape and the dimensions of the cross-section of the column have crucial influence on the static rigidity of the body, which is a main optimization criterion. It was assumed that the cross-section of the column will have the shape of an isosceles trapezoid with the constant base width a and the constant height h. The decision variables are the thickness of the body walls g1 and g2, and the angle α of the trapezoid arms inclination relative to the base. The column is modeled as a beam with a constant cross-section along the height L, rigidly restrained to the ground and loaded by bending moment M. The static model of the workshop press body and a crosssection of the column is shown in fig. 2 . The input data is shown in Table 1 . The value of the bending moment M corresponds to the situation when the slide exerts a force equal to 30 kN. The height L of the column corresponds to the position of the median plane of the cantilever part with working unit, and the dimensions a and h come from assumptions regarding the overall dimensions of the press. The body is made of cast iron EN-GJL-250. Due to the established material parameters of the press and technological recommendations the following restrictions were assumed: The equation of the bending moment in the cross-section of the beam, which is located at a distance x from the restrain, has the form:
It follows from the above that the beam is uniformly loaded by bending moment with a constant value. Differential equation of the deflection line can be described using the following relationship: (2) In accordance with the Macaulay's method of integration of the curvature equation, it is possible to write that: Re-integrating the equation (5) the dependency describing the displacement of the beam has been received:
The unknown integration constants C and D can be determined from the boundary conditions, characteristic for beams rigidly restrained to the base by one end:
2) For x = 0 Φ = 0 (8) Substituting received integration constants into the equations of the angle of deflection and displacement were received: ,
. (10) The dimensions of the cross-section of the beam was set on the basis of the figure 3. 
The optimization model
The minimum mass of the body is accepted as an optimization criterion, which translates directly to minimise the manufacturing costs associated with the consumption of material. The objective function, which is the mathematical notation of optimization criterion, equals: (27) It is necessary to define the limits of the parameters of the construction. It must meet the condition of bending strength:
(28) and the condition of required rigidity, defined by permissible displacement of the beam:
In addition, an additional restriction can be taken in the form of the permissible angle of body deflection:
The equations above allow to specify additional dependencies between the decision variables g1 i g2 and α. This makes it possible to determinate the optimal parameter values using the graph of a function g1 = f (α, g2), which shows relations resulting from the conditions of strength and rigidity. In the present case, the designation of the restrictions as such function is extremely difficult -because of complex geometric dependencies between parameters. Therefore, the optimization process has been done with the use of numerical methods. The Solver tool, an addition to the Microsoft Excel, was used.
THE RESULTS OF OPTIMIZATION
A spreadsheet was developed to calculate the mass of the body, stress, maximum displacement and the angle of deflection of the column based on the data presented in Table  1 . An objective function, decision variables and restrictions (Table 2) were specified in Solver's dialog box. As the calculation method assumed GRG Nonlinear Solving Method (Generalized Reduced Gradient). Table 3 shows the assumed input parameters (resulting from the calculations before optimization), while table 4 shows the results of the optimization procedure of the body construction. It should be noted that the calculation assumes a constant value α = 75 ⁰ . It can be observed that, as a result of the procedure, a significant reduction of wall thickness g1 (more than double) and a slight reduction of wall thickness g2 were obtained. It allows to reduce the mass of the body by almost 3.5 kg (from 12.56 kg to 9.14 kg), while maintaining an assumed body stiffness. The obtained results were compared with the results of FEM simulation in CATIA V5 for the models before (Fig. 4) and after (Fig. 5) optimization. Observed values of displacement and stress of the models received convergence of the results obtained in an analytical calculations. Because there are no shearing stress in the body, it is possible to directly compare the value of the bending stress with von Mises stress. It can be observed that, as a result of the procedure, a significant reduction of wall thickness g1 (more than double) and a slight reduction of wall thickness g2 were obtained. It allows to reduce the mass of the body by almost 3.5 kg (from 12.56 kg to 9.14 kg), while maintaining an assumed body stiffness. The obtained results were compared with the results of FEM simulation in CATIA V5 for the models before (Fig. 4) and after (Fig. 5) optimization. Observed values of displacement and stress of the models received convergence of the results obtained in an analytical calculations. Because there are no shearing stress in the body, it is possible to directly compare the value of the bending stress with von Mises stress.
Also a study into the impact of the angle α into mass, wall thickness and the values of stress in the body was carried out. The results are shown in figures 6 and 7.
On the basis of the obtained results, it can be concluded that the value of the angle α (in the field of 60⁰-90⁰) has a negligible effect on the strength properties of the body and its mass. The results shown in table 4 confirm that a key restriction in the optimization process is permissible displacement of the body (describing body stiffness). Therefore the impact of ydop on the results of the optimization procedure was analysed. The results are presented in figures 8 and 9. As expected, it was observed that with the increase of the permissible displacement of the body (meaning the decrease of its stiffness) bending stress grows, which results from the reduction of the cross-sectional area of the column. The body mass achieves a minimal value for wall thickness g1 and g2 equaled 8 mm (minimal permissible values) and for permissible displacement ydop equals 0.46 mm. In that case the bending strength condition is irrelevant, because the maximum stresses are not exceeded. It may be noticed that the key parameter, which decides about the stiffness of the body, is the wall thickness g2, because this parameter had the largest variation.
SUMMARY AND CONCLUSIONS
The carried out optimization procedure of the crosssectional dimensions of the modular press body allowed to reduce the weight about 27%, while maintaining the required stiffness. The results of the carried out analysis showed a negligible impact of the angle of the body walls inclination relative to the base of cross-section on the strength and stiffness of the designing part. Moreover, the crucial importance of the permissible displacement of the body on the results of an optimization procedure was observed.
The article shows the result of shape optimization of the body only for the minimum mass criterion, which is connected with minimizing manufacturing costs. It is worth to consider other criteria, like maximum permissible dimensions of the body or maximum stiffness (with specified maximum value of the mass). Both of them have a crucial influence on the constructing process and -as a consequence -on the shape of body.
It should be noted that the use of optimization procedures requires confronting their results with constructor's knowledge and experience, in order to make a right decision shared from the constructional and technological point of view.
